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COMPOSITIONS COMPRISING
MELATONIN AND FLAVONOIDS FOR USE
IN THE TREATMENT OF TUMOURS
RESISTANT TO CHEMOTHERAPY

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application i1s the U.S. national stage of
International Patent Application PCT/162015/000284 filed

on Mar. 5, 2015 which, in turn, claims priority to Italian
application MI2014A001308 filed on Jul. 17, 2014.

SUMMARY OF THE INVENTION

The present invention relates to compositions comprising,
at least one flavonoid of natural or synthetic origin 1n
association with melatonin for use to increase the eflective-
ness of chemotherapeutic treatments used in human and
veterinary medicine for the treatment of tumours, 1n par-
ticular for the treatment of tumours resistant to the chemo-
therapeutic agents currently 1n use; said at least one fla-
vonoid 1s selected from the group comprising or,
alternatively, consisting of rutin, oxerutin, diosmin and
hesperidin, preferably rutin.

BACKGROUND ART

At present, the resistance of tumour cells to chemothera-
peutic treatments represents a problem of enormous propor-
tions and 1n continuous evolution. Drug resistance manifests
itself both 1n solid tumours and in tumours of the lymphatic
system, and can occur from the very start of a treatment, or
arise subsequently, after an initial positive response to the
treatment. Very olten, for example, chemoresistance mani-
tests 1tsell during a treatment of relapsing tumours. A even
more serious problem 1s multiple chemoresistance, 1.e. the
occurrence, after treatment with a given chemotherapeutic
agent, ol resistance against other chemotherapeutic agents.

The most accredited hypotheses concerning the origin of
chemoresistance, which manifests itself in the majority of
tumours that mnitially respond to chemotherapeutic treat-
ment, suggest that drug resistance 1s the result of a series of
mutations at the level of the tumour cells, the ability of
tumour cells to “learn” to metabolize the chemotherapeutic
agents, repair chemotherapy-induced damage to DNA and
prevent chemotherapy-induced apoptosis.

One approach for trying to overcome the problem of
chemoresistance 1s therapy combining different types of
chemotherapeutic agents: however, in this case as well, the
results are not satisfactory, and indeed multiple resistance
against various chemotherapeutic agents occurs with grow-
ing and alarming frequency. Notwithstanding research and
the continuous development of new drugs, to be used also 1n
combination, the problem of chemoresistance persists and 1s
apparently inevitable, given the malleable nature of cancer

cells [Fojo T. and Bates S., Cancer Discov; 3(1); 20-3,
2012].

Consequently, there 1s a very great need to overcome this
problem.

Flavonoids are polyphenolic compounds, secondary
metabolites of plants. They are usually present in the plant
as glycosides and 1n the same plant an aglycone can exist in
combination with different sugars. Preferably, the tlavonoids
of the present mvention are selected from the group com-
prising or, alternatively, consisting of rutin, oxerutin, dios-
min and hesperidin.
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Oxerutin has demonstrated to be useful 1n favouring
clasticity and decreasing capillary permeability, thus favour-
ing a physiological improvement 1n microcirculation and a
reduction 1n the formation of oedema.

Hesperidin 1s a glycosylated flavanone, a type of tla-
vonoid that 1s found above all 1n citrus fruit. It 1s particularly
abundant 1n the peel and pulp of such fruit. Its aglycone 1s
called hesperetin. Hesperidin has demonstrated to be a valid
vasoprotector and increases the efliciency of collagen and
connective tissue.

Diosmin 1s a semisynthetic molecule (modified starting
from a hesperidin molecule), belonging to the family of

flavonoids. It 1s a phlebotropic drug used as a vasoprotector
in all pathologies which show a deficiency in the structures
of blood vessels, for example i chronic venous msuil-
ciency and acute and chronic haemorrhoidal disease, and as
an adjuvant therapy after haemorrhoidectomy.

Rutin, whose chemical name 1s 2-(3,4-dihydroxyphenyl)-
4.5-dihydroxy-3-{3,4,5-trihydroxy-6-[(3,4,5-trihydroxy-6-
methyl-oxan-2-yl)oxymethyl }oxan-2-ylJoxy-chromen-7-
one, 1s a flavonoid glycoside consisting of the aglycone
quercetin (a tlavonol) bonded to the disaccharide rutinose.

OH

OH OH OH

OH

Rutin (commonly also known as rutoside) 1s found in
nature in numerous plants, 1n particular plants of the genera
Citrus and Rheum (rhubarb), 1n buckwheat, 1n red wine, 1n
asparagus, 1n peppermint, in eucalyptus, and in many berries
such as cranberries (Vaccinium macrocarpon) and mulber-
ries.

The remforcing eflect of rutin on the wall of capillaries,
and more generally its beneficial action on microcirculation,
1s exploited for the treatment of haemorrhoids and haema-
tomas.

Recent studies have highlighted the pharmacological
properties of rutin, 1n particular its anti-aggregation activity
on platelets [Navarro-Nuilez et al. (2008); J. Agric. Food
Chem. 56 (9): 2970-6]; 1ts anti-inflammatory activity [Guar-
dia et al. (2001); II Farmaco 36 (9): 683-7; Chan Hun Jung
et al. (2007); Arch. Pharmacal Research 30 (12): 1599-
1607]; and antioxidant activity [Metodiewa et al. (1997);
IUBMB Life 41 (5); 1067],

In vitro studies have demonstrated that rutin 1s capable of
inhibiting the vascular endothelial growth factor, thus acting
as an angiogenesis mnhibitor [Luo et al. (2008); Nutrition and
Cancer 60 (6); 800-9].

Recently, Boutogaa et al. [Leukemia Research 35(2011)
1093-1101] described that an extract of Hammada scoparia,
containing rutin, 1s capable of inducing apoptosis 1n adher-
ing leukaemia cells. EP 2 119 434 describes the use of rutin
for the treatment of acute myeloid leukaemia, for preventing
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tumour relapse and/or for preventing the occurrence of solid
tumour metastasis. No eflects of rutin on tumour cells
resistant to chemotherapeutic agents are reported.

WO 2001778783 describes anti-tumour compositions com-
prising quercetin and numerous extracts of medicinal plants,
but no reference 1s made to the activity against chemoresis-
tant cells.

DESCRIPTION OF THE INVENTION

It has indeed been found that compounds selected from
the group comprising or, alternatively, consisting of rutin,
oxerutin, diosmin and hesperidin 1n the presence of mela-
tonin re-establish the sensitivity to chemotherapeutic treat-

ment of resistant tumour cell lines, preferably cell lines of
breast cancer in women.

Theretfore, the present invention relates to a composition
comprising a mixture that comprises or, alternatively, con-
sists of: (1) at least one flavonoid, selected from the group
comprising or, alternatively, consisting of rutin, oxerutin,
diosmin and hesperidin; and (11) melatonin, for use 1n the
treatment of tumours resistant to chemotherapy, preferably
solid tumours and breast cancer 1n women. Advantageously,
said mixture comprises or, alternatively, consists of rutin and
melatonin.

The present invention further relates to a composition
comprising a mixture which comprises or, alternatively,
consists of: (1) at least one tlavonoid, selected from the group
comprising or, alternatively, consisting of rutin, oxerutin,
diosmin and hesperidin; and (1) melatonin for use as an
adjuvant to chemotherapeutic agents for the treatment of
tumours resistant to chemotherapy, that 1s, to increase the
ellectiveness of chemotherapeutic treatments used in human
and veterinary medicine for the treatment of the tumours,
preferably solid tumours, 1n particular 1n case of resistance
to the chemotherapeutic agents currently in use. Advanta-
geously, the use of said composition as an adjuvant makes
it possible to reduce the doses used and the daily amount of
chemotherapeutic agents to be administered.

The mvention also relates to an association of at least one
flavonoid, selected from the group comprising or, alterna-
tively, consisting of rutin, oxerutin, diosmin and hesperidin,
and melatonin, said association being in a form that 1s also
suitable for the separate or sequential administration of rutin
and melatonin.

The present invention further relates to a composition for
use 1n the treatment ol chemoresistant tumours comprising,
a mixture which comprises or, alternatively, consists of: (1)
at least one flavonoid selected from the group comprising or,
alternatively, consisting of rutin, oxerutin, diosmin and
hesperidin; (11) melatonin; (111) chemotherapeutic agents;
and/or (1v) at least one compound selected from the group
comprising or, alternatively, consisting of arctigenin, arctiin,
berberine, berbamine, sanguinarine, chelerythrine and /Zar-
pagophyvtum procumbens (devil’s claw, which inhibits the
synthesis of PGE?2), as such or in the form of plant extracts
containing said compounds. Said composition 1s also for use
for increasing the eflectiveness of chemotherapeutic treat-
ments used 1 human and veterinary medicine for the
treatment of the tumours, preferably solid tumours, in par-
ticular in case of resistance to the chemotherapeutic agents
currently 1n use.

The invention thus also relates to associations of at least
one flavonoid selected from the group comprising or, alter-
natively, consisting of rutin, oxerutin, diosmin and hesperi-
din, with melatonin and chemotherapeutic agents, said asso-
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ciations being 1n a form that 1s also suitable for the separate
or sequential administration of the flavonoid, melatonin and
chemotherapeutic agents.

Said at least one flavonoid selected from the group
comprising or, alternatively, consisting of rutin, oxerutin,
diosmin and hesperidin can be used, according to the inven-
tion, 1n association with melatonin and with all known
chemotherapeutic agents, said chemotherapeutic agents
used either alone or 1n associations 1n chemotherapy proto-
cols, in particular for the treatment of solid tumours.
Examples of such chemotherapeutic agents comprise or,
alternatively, consist of cyclophosphamide, 5-fluoruracyl,
methotrexate, platinum complexes (cisplatin, oxaliplatin,
carboplatin, etc.), taxanes, doxorubicin, epirubicin and
mitoxantrone. In one embodiment, the at least one com-
pound selected from the group comprising or, alternatively,
consisting of rutin, oxerutin, diosmin and hesperidin 1s 1n
association with melatonin and with chemotherapeutic
agents which comprise or, alternatively, consist of cyclo-
phosphamide in order to restore or increase sensitivity to
chemotherapeutic treatment of resistant tumour cell lines, or
for the treatment of tumours, preferably for the treatment of
solid tumours.

According to a preferred embodiment, the at least one
compound selected from the group comprising or, alterna-
tively, consisting of rutin, oxerutin, diosmin and hesperidin
rutin 1s used 1n association with melatonin, cyclophosph-
amide and methotrexate 1n order to restore or increase
sensitivity to chemotherapeutic treatment of resistant
tumour cell lines, or for the treatment of the tumours,
preferably for the treatment of solid tumours. Preferably,
rutin 1s used in association with melatonin, cyclophosph-
amide and methotrexate.

A solid tumour consists of a compact mass of tissue which
grows and diflers from a liqud tumour consisting of cells 1n
suspension. Solid tumours have a specific structure resem-
bling that of a healthy tissue and comprise two mutually
dependent portions: the parenchyma and the stroma. In some
solid tumours (including those originating from epithelial
cells) there 1s a basal lamina separating the block of tumour
cells from the stroma; however, this basal lamina 1s often
incomplete. Though solid tumours represent the majority of
human tumours, little 1s known about the genetic and
chromosomal mutations which characterize them; firstly,
because 1t 1s very difficult to obtain satisfactory chromo-
somal preparations from malignant tissues and, secondly,
because the karyotype of these tumour cells often exhibits
strange chromosomes 1n large numbers. This makes 1t dif-
ficult to distinguish the primary genetic changes from those
occurring later, when the tumour phenotype 1s fully evolv-
ing. Despite these difliculties, however, new techniques of
cell culture, chromosome banding and hybridization, such as
CGH (comparative genomic hybridization), FISH (Fluores-
cent 1n situ hybridization) and SKY (Spectral karyotyping)
have contributed to a noteworthy increase in the molecular
characterizations of cytogenetic anomalies encountered 1n
solid tumours. These techniques have revealed substantial
chromosomal rearrangements 1n tumour cells and the close
association among specific chromosomal changes and par-
ticular types of solid tumours, above all mesenchymal
tumours. Many of the genes mvolved have been cloned and
analyzed, even 1f our knowledge 1s still limited. Neoplastic
cells are divided into bemign and malignant; both types of
cells are further divided, according to the tissue of origin,
into mesenchymal, epithelial, nervous system, embryonal
and germinal tumour cells. Alongside these tumours there
are also those of unknown cytologic origin.




US 11,026,922 B2

S

According to another aspect of the present invention, the
invention relates to compositions comprising: (1) at least one
flavonoid selected from the group comprising or, alterna-
tively, consisting of rutin, oxerutin, diosmin and hesperidin;
(11) melatonin; and (111) at least one chemotherapeutic agent
selected from the group comprising or, alternatively, con-
sisting of cyclophosphamide, 3-fluoruracyl, methotrexate,
platinum complexes (cisplatin, oxaliplatin, carboplatin,
etc.), taxanes, doxorubicin, epirubicin and mitoxantrone;
and/or (1v) at least one alkaloid selected from among Ber-
beridaceae, Papavaeraceae and lignans from Asteraceae.

According to another aspect of the present invention, the
invention relates to compositions comprising at least one
flavonoid, preferably selected from the group comprising or,
alternatively, consisting of rutin, oxerutin, diosmin and
hesperidin 1n association with melatonin and at least one
compound selected from among Berberidaceae, Papavaer-
aceae and lignans from Asteraceae.

According to one aspect of the present invention, the
invention relates to compositions containing or, alterna-
tively, consisting of an association of alkaloids from Ber-
beridaceae and/or Papavaeraceae, lignans from Asteraceae,
and a compound selected from the group comprising or,
alternatively, consisting of oxerutin, diosmin, hesperidin and
rutin; or else the mvention relates to compositions compris-
ing or, alternatively, consisting of an association of alkaloids
from Berberidaceae and/or Papavaeraceae, lignans from
Asteraceae, a compound selected from the group comprising
or, alternatively, consisting of oxerutin, diosmin, hesperidin
and rutin, and a compound selected from the group com-
prising or, alternatively, consisting of natural or synthetic
substances, these substances being selected from the group
comprising or, alternatively, consisting ol apigenin, aspara-
gus (ursolic acid), curcumin, lycopene, chili pepper (cap-
saicin), resveratrol, green tea (Camellin B) and Uncaria
sspp.; and/or melatomin; preferably melatonin.

In particular, the compositions of the invention preferably
contain the lignans arctigenin and/or arctiin, the alkaloids
berberine, and/or berbamine, and/or sanguinarine, and/or
chelerythrine, and/or a compound selected from the group
comprising or, alternatively, consisting of oxerutin, diosmin,
hesperidin and rutin; or else the compositions of the inven-
tion preferably contain the lignans arctigenin and/or arctiin,
the alkaloids berberine, and/or berbamine, and/or sangui-
narine, and/or chelerythrine, and/or a compound selected
from the group comprising or, alternatively, consisting of
oxerutin, diosmin, hesperidin and rutin and a compound
selected from the group comprising or, alternatively, con-
sisting of natural or synthetic substances, these substances
being selected from the group comprising or, alternatively,
consisting of apigenin, asparagus (ursolic acid), curcumin,
lycopene, chili pepper (capsaicin), resveratrol, green tea
(Camellin B) and Uncaria sspp.; and/or melatonin; prefer-
ably melatonin.

According to another aspect of the present invention, the
invention relates to compositions comprising or, alterna-
tively, consisting of: (1) at least one flavonoid, preferably
selected from the group comprising or, alternatively, con-
sisting of rutin, oxerutin, diosmin and hesperidin; (11) mela-
tonin; and (1v) at least one alkaloid selected from the group
comprising or, alternatively, consisting of arctigenin, arctiin,
berberine, berbamine, sanguinarine and chelerythrine and
harpagophyvtum procumbens (devil’s claw, which inhibits
the synthesis of PGE2), as such or in the form of plant
extracts containing said compounds.

According to another embodiment, the invention relates
to compositions comprising or, alternatively, consisting of:
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(1) at least one tlavonoid, preferably selected from the group
comprising or, alternatively, consisting of rutin, oxerutin,
diosmin and hesperidin; (1) melatonin; (111) at least one
chemotherapeutic agent selected from the group comprising
or, alternatively, consisting of cyclophosphamide, 5-fluoru-
racyl, methotrexate, platinum complexes (cisplatin, oxa-
liplatin, carboplatin, etc.), taxanes, doxorubicin, epirubicin
and mitoxantrone; and (1v) at least one alkaloid selected
from the group comprising or, alternatively, consisting of
arctigenin, arctiin, berberine, berbamine, sanguinarine and
chelerythrine and harpagophyvium procumbens (devil’s
claw, which inhibits the synthesis of PGE2), as such or 1n the
form of plant extracts containing said compounds. Prefer-
ably, the composition comprises rutin, melatonin, cyclo-
phosphamide, methotrexate, arctigenin, arctiin, berberine,
berbamine, sanguinarine and chelerythrine.

Preferably, the compositions of the present invention
further comprise at least one compound selected from the
group comprising or, alternatively, consisting of apigenin,
asparagus (ursolic acid), curcumin, lycopene, chili pepper
(capsaicin), resveratrol, green tea (Camellin P) and Uncaria
SSPP.

The compositions of the mnvention are particularly useful
tor the prevention and/or treatment of neoplasias and for the
prevention/suppression ol chemoresistance to antiblastics
and/or radioresistance to radiotherapy.

The compositions of the imnvention are particularly useftul
as adjuvants to chemotherapeutic agents for the treatment of
tumours resistant to chemotherapy, preterably solid
tumours.

The compositions of the imnvention are particularly useful
for increasing the eflectiveness ol chemotherapeutic treat-
ments used 1 human and veterinary medicine for the
treatment of the tumours, 1 particular 1n case of resistance
to the chemotherapeutic agents currently 1n use.

The applicant has surprisingly found that the composition
of the present invention significantly reduces the cell viabil-
ity of chemoresistant human tumour cells. In particular, the
strong anti-inflammatory activity of melatonin enhances the
anti-tumour activity of the flavonoids of the present inven-
tion, of the association of flavonoids and extracts, and of the
association of flavonoids and chemotherapeutic agents. In
particular, melatonin contributes to improving sensitivity or
reversing the resistance of tumour cells toward conventional
chemotherapeutic agents. This multi-targeted therapeutic
approach reduces the development of chemoresistant
tumour cells and this 1s also due to the diflerent pharmaco-
logical activities of melatonin, which include antioxidant,
anti-inflammatory, oncostatic and immunomodulating prop-
erties. In addition, given that in the tumour micro-environ-
ment intlammatory cells influence the formation of metas-
tases, melatonin acts as an anti-metastatic agent by blocking,
the ability of tumour cells to mvade other remote tissues. In
virtue of the above, the compositions of the present mven-
tion can be effectively used not only to treat tumours that
have already developed chemoresistance, but also to prevent
the development of chemoresistance by tumour cells and the
formation of metastases.

Therefore, one object of the present patent application 1s
to provide a chemotherapeutic treatment that 1s more eflec-
tive 1n treating chemoresistant tumours than the treatments
generally used i medicine, which makes it possible to
reduce or even completely eliminate the amount of chemo-
therapeutic drugs necessary 1n the treatment of tumours, in
particular 1n the case of chemoresistant tumours, and which
can be usetul for preventing the development of chemoresis-
tance and the formation of metastases.
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Plants belonging to the family of Asteraceae (Arctium
lappa, Cricus benedictus and Saussurea medusa or other
species of Saussurea) are characterized by their content of
arctigenin and arctiin, molecules already known for their
anti-tumour action. The use of extracts of Arctium lappa 1n
cancer therapy and prophylaxis 1s described, for example, 1n
CN 1560265. The use of Saussurea as an anti-tumour agent
1s described, for example, 1n patent application WO 2006
032380. The anti-tumour activity of lignans extracted from
aerial parts of Saussurea medusa was described 1n Cancer
Letters, New York, USA, vol. 158, No 1, 1.1.2000, pages

53-59.

Plants belonging to the family of Berberidaceae (Berberis
vulgaris, Berberis aristata, other species of Berberis, and
Mahonia aquifolium) contain active substances such as
berberine and berbamine. The former inhibits chemoresis-
tance and radioresistance, neoangiogenesis and telomerase;
it has an antl-hypercholesterolaemlc antidiabetic and car-
dioprotective effect. However, it has a serious drawback 1n
that 1t may induce MDR (multidrug resistance). To counter
this undesirable eflect, 1t 1s possible to use berbamine,
which, 1n addition to the cardioprotective eflect already
mentioned for berberine, shows a specific anti-tumour effect
towards MDR and an antiarrhythmic effect. See also the
paper published 1n Alternative and Complementary Thera-
pies, Mary Ann Liebert, Larchmont, New York, USA. Vol 8,
No 6, 1.12.2002, pages 336-340, which sums up the knowl-
edge about the use of plants containing berbamine to counter
MDR. The cytotoxic eflect of the fruit of Berberis vulgaris
has been described in Int. J. Cancer Res. (Vol 2, No 1, 2006,
pages 1-9).

Plants belonging to the family of Papaveraceae (Esch-
scholzia californica, Macleayva cordata or Bocconia frute-
scens) contain chelerythrine and sanguinarine. Cheleryth-
rine has an inhibitory effect on the production of TNF-alpha:
this eflect, although unsuitable for tumours at an early stage,
1s however valuable at a pre-terminal and terminal stage,
since 1t suppresses anorexia, cachexia and hyperalgesia,
which are typical in pre-terminal and terminal stage onco-
logical patients. Moreover, chelerythrine reduces mitochon-

drial respiration, which 1s known to be already poor in the
mitochondria of tumour cells. Sanguinarine inhibits both
NF-kB and AP-1 [Biochem. Pharmacol. 2004 Sep. 15;
68(6): 1101-11]: both are usually quiescent factors that are
activated as a result of exposure to anti-tumour antiblastics
or to 1omizing radiation. The preparation of anti-tumour
extracts of Macleava covdata or Chelidonium majus (a plant
that 1s not admitted as a food supplement) contaiming
chelerythrine 1s described in CN 1470513. The anti-tumour
activity of benzophenanthridine alkaloids such as cheleryth-

rine and sanguinarine, and of protoberberine alkaloids such
as berberine 1s also described 1n Planta Medica, Vol 69(2),

1.2.2003, pages 97-108.

Therelfore, the invention relates to compositions contain-
ing arctigenin, arctiin, berberine, berbamine, sanguinarine,
chelerythrine and rutin 1n a mixture with suitable excipients.

The active ingredients can be present 1n a substantially
pure and i1solated form or in the form of at least three
different extracts of plants, one belonging to the family of
Asteraceae, one belonging to the family of Berberidaceae
and one belonging to the family of Papaveraceae, 1n addition
to rutin.

The plants belonging to the family of Asteraceae are
preferably Arctium lappa, Cricus benedictus and Saussurea
medusa.
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The plants belonging to the family of Berberidaceae are
preferably Berberis vulgaris, Berberis aristata and Mahonia
aquifolium.

The plants belonging to the family of Papaveraceae are
preferably selected from the group comprising Eschscholzia
californica, Macleava covdata and Bocconia frutescens.

The present invention relates to a composition comprising,
a mixture which comprises or, alternatively, consists of:

(1) at least one compound selected from the group com-
prising or, alternatively, consisting of rutin, oxerutin, dios-
min and hesperidin; and/or (1) melatonin; and/or (1v) at least
one compound selected from the group comprising or,
alternatively, consisting of arctigenin, arctiin, berberine,
berbamine, sanguinarine and chelerythrine, as such or in the
form of plant extracts contaiming said compounds; for use 1n
the treatment of neoplasias and the prevention/suppression
ol chemoresistance to antiblastics and/or radioresistance to
radiotherapy. Preferably, the mixture comprises or, alterna-
tively, consists of: (1) at least one flavonoid selected from the
group comprising or, alternatively, consisting of rutin,
oxerutin, diosmin and hesperidin; (11) melatonin; and/or (1v)
at least one compound selected from the group comprising
or, alternatively, consisting of arctigenin, arctiin, berberine,
berbamine, sanguinarine and chelerythrine, as such or 1n the
form of plant extracts containing said compounds.

According to a preferred embodiment, the mixture of the
present invention comprises or, alternatively, consists of: (1)
rutin; (1) melatonin; and/or (1v) the compounds arctigenin,
arctiin, berberine, berbamine, sanguinarine and cheleryth-
rine, as such or in the form of plant extracts containing said
compounds.

Preferably, the compositions/mixtures of the present
invention further comprise at least one compound selected
from the group comprising or, alternatively, consisting of
apigenin, asparagus (ursolic acid), curcumin, lycopene, chili
pepper (capsaicin), Resveratrol, green tea (Camellin B) and
Uncaria sspp.

According to a preferred aspect, the compositions/mix-
tures of the invention, in addition to at least one flavonoid
selected from the group comprising or, alternatively, con-
sisting ol oxerutin, diosmin, hesperidin and rutin, 1n asso-
ciation with melatonin, will contain extracts derived from:

a) Arctium lappa, 1n particular from the seeds;

b) Berberis vulgaris;

c) I'schscholzia californica;

According to a preferred aspect, the extracts derived from
cach plant belonging to the different families will be present
in a proportion comprised between 20% and 600.

The daily doses of the compounds 1solated from the
extracts will normally be included in the following ranges:

arctigenin and arctiin: 0.1-1.0 g per day

berberine and berbamine: 0.1-1.0 g per day

sanguinarine and chelerythrine: 0.01-0.250 g per day,
preferably

0.020-0.150 g per day

rutin: 0.1-0.2 g per day.

According to the imnvention, the extracts of plants used can
be 1n the form of an oily macerate, alcoholic extract, dry
extract (obtained by extraction with ethanol or with metha-
nol or with supercritical CO,), fluid extract or mother
tincture.

The compositions of the mvention can be used as food
supplements, medical devices or pharmaceutical composi-
tions, suitably formulated for oral administration, and wall
be prepared according to conventional methods well known
in the pharmaceutical field, such as those described 1n
“Remington’s Pharmaceutical Handbook™, Mack Publishing
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Co., N.Y., USA, using excipients, diluents, filling agents and
anti-caking agents that are acceptable for their final use.
Examples of forms of administration are soft capsules
(sealed, liquid-containing capsules) or semi-rigid or rigid
capsules (with a two-part coating, containing powder or
granules), pastilles, tablets, wafers, granulates, single-dose
sachets of powder, syrups and vials.

In order to improve bioavailability, 1t 1s preferable that at
least one of the components of the composition be 1 a
micronized form. The micronized compounds are prepared
using conventional methods that are well known 1n the
pharmaceutical field. Preferably, in the micronized com-
pounds, the average diameter of the particles 1s less than 10
wm; more preferably the average diameter of the particles 1s
less than 5 um and even more preferably 1t 1s less than 1 um.

The invention further relates to the use of an association
of arctigenin, arctiin, berberine, berbamine, sanguinarine,
chelerythrine, melatonin and at least one tflavonoid, prefer-
ably selected from the group comprising or, alternatively,
consisting of oxerutin, diosmin, hesperidin and rutin for
preparing compositions for the treatment of neoplasias and
for the prevention/suppression of chemoresistance to anti-
blastics and/or radioresistance to radiotherapy.

Some embodiments FRn of the present invention are set
forth below:

FR1. Rutin for use in the treatment of chemoresistant
tumours 1n association with chemotherapeutic agents and/or
with arctigenin, arctiin, berberine, berbamine, sanguinarine,
chelervthrine and ’harpagophyvium procumbens (devil’s
claw, which inhibits the synthesis of PGE?2), as such or in the
form of plant extracts containing said compounds.

FR2. Rutin for use according to FR1, wherein the che-
motherapeutic agents are selected from among cyclophos-
phamide, 5-fluoruracyl, methotrexate, platinum complexes,
taxanes, doxorubicin, epirubicin and mitoxantrone.

FR3. Compositions containing arctigenin, arctiin, berber-
ine, berbamine, sanguinarine, chelerythrine and rutin, as
such or in the form of plant extracts containing said com-
pounds, 1n a mixture with suitable excipients.

FR4. Compositions according to FR3, containing extracts
derived from:

a) a plant belonging to the family of Asteraceae, selected
from the group comprising Arctium lappa, Cnicus benedic-
tus and Saussurea medusa;

b) a plant belonging to the family of Berberidaceae,
selected from the group comprising Berberis vulgaris, Ber-
beris aristata and Mahonia aquifolium;

c) a plant belonging to the family of Papaveraceae,
selected from the group comprising Eschscholzia califor-
nica. Macleava cordata or Bocconia frutescens.

FR5. Compositions according to FR4, containing extracts
derived from:

a) Arctium lappa;

b) Berberis vulgaris;

c) Eschscholzia californica.

FR6. A combination of arctigenin, arctiin, berberine,
berbamine, sanguinarine, chelerythrine and rutin, as such or
in the form of plant extracts containing said compounds, for
use 1n the treatment of neoplasias and for the prevention/
suppression ol chemoresistance to antiblastics and/or
radioresistance to radiotherapy.

The activity of the association of at least one flavonoid,
preferably selected from the group comprising or, alterna-
tively, consisting of oxerutin, diosmin, hesperidin and rutin
in association with melatonin and with synthetic chemo-
therapeutic agents (cyclophosphamide/methotrexate) and/or
arctigenin, arctiin, berberine, berbamine, sanguinarine and
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chelerythrine (indicated with the term “Extracts” in the
Tables) was studied 1n resistant cell lines of adenocarcino-
mas and carcinomas in comparison with chemosensitive
tumour cell lines and line cells.

The present invention relates to a composition comprising,
a mixture which comprises or, alternatively, consists of:
extracts, preferably at a concentration of 450 to 850 ng/ml,
for example 650 ng/ml; rutin, preferably at a concentration

of 10 uM to 100 uM, for example 20, 30, 40 and 350 uM;
cyclophosphamide and/or methotrexate, preferably at a con-
centration of 500 to 1500 ng/1, preferably 850 ng/ml, 1000
ng/ml, or 1300 ng/ml; and melatonin at a concentration of
0.1 g at 3 g/dose, preferably from 1 to 2 g/dose.

Additional embodiments FRn of the present invention are
set forth below:

FRa. Rutin for use in the treatment of chemoresistant
tumours 1n association with:

(1) chemotherapeutic agents, and/or

(11) arctigenin, arctiin, berberine, berbamine, sangui-
narine, chelerythrine and Zarpagophytum procumbens (dev-
11’s claw, which inhibits the synthesis of PGE2), as such or
in the form of plant extracts containing said compounds,
and/or

(111) a further compound selected from the group com-
prising or, alternatively, consisting of apigenin, asparagus
(ursolic acid), curcumin, lycopene, chili pepper (capsaicin),
resveratrol, green tea (Camellin B) and Urcaria sspp. or
melatonin.

FRb. Rutin for use according to FRa, wherein the che-
motherapeutic agents are selected from among cyclophos-
phamide, 5-fluoruracyl, methotrexate, platinum complexes,
taxanes, doxorubicin, epirubicin and mitoxantrone; prefer-
ably, 1t 1s cyclophosphamide.

FRc. Rutin for use according to FRa, wherein said rutin 1s
in association with:

(1) chemotherapeutic agents selected from the group com-
prising or, alternatively, consisting of: cyclophosphamide,
S-fluoruracyl, methotrexate, platinum complexes, taxanes,
doxorubicin, epirubicin, mitoxantrone; preferably, 1t 1is
cyclophosphamide; and

(1) arctigenin, arctiin, berberine, berbamine, sanguinarine
and chelerythrine, as such or in the form of plant extracts
containing said compounds, and

(111) a further compound, such as melatonin.

FRd. Compositions for use 1n the ftreatment of
chemoresistant tumours, wherein said composition contains
rutin 1n accordance with one embodiment, FRa, FRb or FRc.

FRe. Compositions for use according to Frd, said com-
positions containing arctigenin, arctiin, berberine, berbam-
ine, sanguinarine, chelerythrine and rutin, as such or in the
form of plant extracts containing said compounds, 1n a
mixture with suitable excipients.

FRI. Compositions for use according to FRd or FRe, said
compositions containing extracts dertved from:

d) a plant belonging to the family of Asteraceae selected
from the group comprising Arctium lappa, Cnicus benedic-
tus and Saussurea medusa;

¢) a plant belonging to the family of Berberidaceae
selected from the group comprising Berberis vulgaris, Ber-
beris aristata and Mahonia aquifolium;

f) a plant belonging to the family of Papaveraceae
selected from the group comprising Eschscholzia califor-
nica. Macleayva cordata or Bocconia frutescens.

FRg. Compositions for use according to FRI, said com-
positions containing extracts derived from:

a) Arctium lappa;

b) Berberis vulgaris;

c) Lischscholzia californica.
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FRh. A combination comprising or, alternatively, consist-
ing of arctigenin, arctun, berberine, berbamine, sangui-

12
TABLE 2

narine, chelerythrine and rutin, as such or in the form of '?:;?:lll'ty
. . . . . . V1aDilill
plant extracts containing said compounds; said combination (%)
further comprises an additional compound selected from the ° Treatment MDA-MB-231
group comprising orj'altematwel.y,, consisting of apigenin, Extracts 650 ng/ml, + Cyclophosphamide o3
asparagus (ursolic acid), curcumin, lycopene, chili pepper 850 ng/mL
(capsaicin), resveratrol, green tea (Camellin B) and Uncaria Rutin 50 uM + Cyclophosphamide 850 ng/mL 11
sspp. or melatonin; preferably melatonin, said combination Extracts 650 ng/mL + Rutin 50 uM 16
. _ _ 10 Extracts 650 ng/mL + Rutin 50 uM + 3
being ffjr use 1n the treatment of qeoplasms and'for ‘Ehe Cyclophosphamide 850 ng/mL.
prevention/suppression ol chemoresistance to antiblastics
and/or radioresistance to radiotherapy.
In particular, chemoresistant human tumour cells MDA - TARLE 3
MB-231 (breast adenocarcinoma), ECV-304 (bladder carci- 15
noma), HuH-7 (hepatocellular carcinoma) and HTB-43 Cell viability (%)
(squamous cell carcinoma of the pharynx‘),] chemosensitive . HTR.
tumour cells MCF-7 (breast adenocarcinoma) and non- Treatment 304 HuH-7 43
tumoural healthy human mammal fibroblasts (HMF) were
d 0 Control 100 100 100
used. Cyclophosphamide 850 ng/mL 70 58 36
The results, shown in Tables 1-3, demonstrate a directly E}{ttlfﬂ“?o“&ﬂg/ éﬂLl e ﬁf Z‘;‘ 3‘1‘
. 5 5 . UL + ClOpNosSpNalIliac 11111
proportional, though not linear, relationship between the Fxtracte 6“50 Hg/ﬂf’& fRutEl 50 UM + . 19 15 >
resistance of tumour cells to the chemotherapeutic agent and Cyclophosphamide 850 ng/mL
the effectiveness ot the chemotherapeutic agent associated .4
with the extract and/or with rutin. Table 4 below shows data obtained for MDA-MB-231
cells with quercetin, the aglycone of rutin, alone or in
1ABLE 1 association with cyclophosphamide. The absence of syner-
. 1stic eflects appears evident, unlike what was found with
Cell viability (%) 3 : PP ’
30 rutin.
MDA-MB-
Treatment 231 MCEF-7 HMF TABILE 4
Control 100 100 100 Cell
Cyclophosphamide 89 8.6 42 15 viability
1300 ng/mL (%)
Cyclophosphamide 93 7.5 48 Treatment MDA-MB-231
1000 ng/mL |
Cyclophosphamide 96 6.9 54 Quercetin 100 uM 76
850 ng/ml. Quercet%n ;g M g}
Extracts 850 ng/mL 04 5 82 Quercetin 20 VL
40 Quercetin 100 pM + 62
Extracts 650 ng/mL 100 8 84 .
Cyclophosphamide 850 ng/mL
Extracts 450 ng/mL 100 12 92 .
, Quercetin 50 uM + 66
Rut%n 100 pM 51 “ 86 Cyclophosphamide 850 ng/mL
Rutin 50 pM o8 > 88 Quercetin 20 uM + 79
Rutin 20 pM 66 8 92 Cyclophosphamide 850 ng/mL
TABLE 5
The viability of chemoresistant MDA-MB-231 human tumour
cells (breast adenocarcinoma) was measured 24, 48 and 72 hours after
treatment with the specified compounds. In table 5 the compound
cyclo corresponds to cyclophosphamide, whilst the compound metho
corresponds to methotrexate.
Test conditions: 5 x 107 cells: xCELLigence assay
Treatment 24 h 48 h 72 h
1 Control (no treatment) 100 100 100
2 Rutin (50 uM) + Melatonin (1 mM) 2532 £ 1.09 10.12 £ 0.85 3.25 £ 042
3 Rutin (20 uM) + Melatonin (10 mM) 546 + 0.68 4.02 + 049 3.03 = 0.29
4 Cyclo (20 uM) + Metho (2 uM) + 16.18 £0.79  9.69 £ 0.57  4.59 + 0.77
Rutin (50 uM)
5 Cyclo (20 uM) + Metho (2 uM) + 10.70 £ 0.73  7.46 £ 0.43  4.06 + 0.49
Rutin (30 pM) + Melatonin (1 mM)
6 Cyclo (10 uM) + Metho (1 pM) + 20.73 £ 0.96  10.78 £ 0.87  6.18 = 0.47
Rutin (30 uM)
7 Cyelo (10 pM) + Metho (1 uM) + 13.59 £ 0.86  9.65 = 0.68  5.03 + 0.75

Rutin (30 pM) + Melatonin (1 mM)
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TABLE 5-continued

The viability of chemoresistant

JA-MB-231 human tumour

cells (breast adenocarcinoma) was measured 24, 48 and 72 hours after
treatment with the specified compounds. In table 5 the compound
cyclo corresponds to cyclophosphamide, whilst the compound metho
corresponds to methotrexate.
Test conditions: 5 x 107 cells;: xCELLigence assay

Treatment 24 h 48 h 72 h
& Cyclo (20 pM) + Metho (2 uM) + 4.58 + 0.35 3.46 £ 0.27 2.95 £ 0.38
Rutin (20 pM) + Melatonin (10 mM)
9 Cyclo (10 uM) + Metho (1 uM) + 4.31 = 0.56 3.35 £ 36.0 30.8 £ 0.45
Rutin (20 pM) + Melatonin (10 mM)
TABLE 6

The viability of chemosensitive MCFEF-7 tumour cells (breast
adenocarcinoma) was measured 24, 48 and 72 hours after treatment
with the specified compounds. In table 6 the compound cyclo
corresponds to cyclophosphamide, whilst the compound metho
corresponds to methotrexate.

Test conditions: 5 x 10° cells xCELLigence assay

72 h

100
3.69 = 0.62
2.67 £ 049

4.06 = 0.38
2.86 £ 0.45

3.04 £ 045
2.64 £ 0.52
2.05 +£0.24
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Treatment 24 h 48 h
Control (no treatment) 100 100
Cyclo (20 uM) + Metho (2 uM) + Rutin (50 pM) 12.68 + 0.61 8.24 + 0.49
Cyclo (20 uM) + Metho (2 uM) + Rutin (50 pM) +  9.32 =+ 0.59  6.83 £ 0.68
Melatonin (1 mM)

Cyclo (10 uM) + Metho (1 uM) + Rutin (50 uM) 1443 £ 0.62 9.75 £ 0.29
Cyclo (10 uM) + Metho (1 uM) + Rutin (50 pM) + 10.63 £ 0.73  7.04 = 0.37
Melatonin (1 mM)

Rutin (30 pM) + Melatonin (1 mM) 1559 £+ 0.94 R.62 = 0.56
Rutin (20 pM) + Melatonin (10 mM) 446 + 048 3.73 = 0.38
Cyclo (20 uM) + Metho (2 uM) + Rutin (20 pM) +  3.79 £ 0.39 234 + 0.46
Melatonin (10 mM)

Cyclo (10 uM) + Metho (1 uM) + Rutin (20 uM) +  4.02 £ 046 2.79 £ 0.34

Melatonin (10 mM)

The results obtained demonstrate that melatonin enhances
the anti-tumour activity of flavonoids. The eflect 1s even
more marked 11 the composition comprises chemotherapeu-
tic agents and/or extracts in addition to melatonin and
flavonoids.

Examples of preparation of the extracts used in the
ivention, as well as examples of compositions of the
invention are set forth below.

Example 1—Preparation of an Alcoholic Extract
from Fresh Plants

530 grams consisting of the three plants together (each 1n
a proportion of 20% to 60%) are placed in 1100 ml of an
cthanol/water mixture (40% to 90% ethanol) and ground 1n
a mixer. The resultant 1s left to “rest” for a period of 4 to 8
days, with care being taken to ensure that the ground plants
remain submerged in the solution. At the end of this period
the liquid part 1s poured off, the vegetable part 1s pressed and
the liquids are collected and then filtered.

The extract thus obtained has a deep green-brownish
colour.

Example 2—Preparation of an Alcoholic Extract
from Dry Plants

An amount of dry plants comprised from 370 to 4350
grams 15 used for 1200 ml of hydroalcoholic solution (40%
to 90% ethanol). The resultant 1s left to “rest” for about two
weeks. At the end of the impregnation/dyeing of the solvent,
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2.53 = 0.31

the liquid part 1s poured off, the vegetable part 1s pressed and
the liquids are collected and then filtered.

The histogram in FIG. 1 refers to melatonin (M) on
MDA-MB-231 cells (24 hours, test conditions: 50x10° cells;

xCELLigence assay)
The histogram in FIG. 2 refers to melatonin (M) on
MDA-MB-231 cells (48 hours, test conditions: 50x10° cells;

xCELLigence assay).

The histogram in FIG. 3 refers to melatonin (M) on
MDA-MB-231 cells (72 hours, test conditions: 50x10° cells;
xCELLigence assay)

The histogram in FIG. 4 refers to melatonin (M) on
MCF-7 cells (24 hours, test conditions: 50x10° cells; xCEL-
Ligence assay).

The histogram in FIG. § refers to melatonin (M) on
MCF-7 cells (48 hours, test conditions: 50x10° cells; XCEL-
Ligence assay).

The histogram in FIG. 6 refers to melatonin (M) on
MCF-7 cells (72 hours, test conditions: 50x10° cells; xCEL-

Ligence assay).

The mvention claimed 1s:

1. A method for treatment of chemoresistant tumours 1n an
individual, the method comprising:

administering to the individual a mixture comprising in
effective amounts therefor:
(1) rutin at a concentration of at least 20 uM; and
(11) melatonin at a concentration of at least 0.1 mM,
wherein the chemoresistant tumour 1s breast cancer in

woman.
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2. The method according to claim 1, wherein said mixture
turther comprises:

(111) at least one chemotherapeutic agent and/or

(1v) at least one compound selected from the group
consisting of arctigenin, arctiine, berberine, berbamine,
sanguinarine, chelerythrine and Harpagophytum
procumbens, 1 the form of at least one plant extract
containing said at least one compound.

3. The method according to claim 2, wherein the at least
one chemotherapeutic agent 1s selected from the group
consisting of: cyclophosphamide, S-fluoruracyl, methotrex-
ate, platinum complexes, taxanes, doxorubicin, epirubicin
and mitoxantrone.

4. The method according to claim 3, wherein the compo-
nent (1v) comprises at least one extract obtained from: a) a
plant belonging to the family of Asteraceae, selected from
the group consisting of Arctium lappa, Cricus benedictus
and Saussurea medusa; b) a plant belonging to the family of
Berberidaceae, selected from the group consisting of Ber-
beris vulgaris, Berberis aristata and Mahonia aqguifolium;
and ¢) a plant belonging to the family of Papaveraceae,
selected from the group consisting of Eschscholzia califor-
nica, Macleava cordata and Bocconia frutescens.

5. The method according to claim 2, wherein the mixture
comprises said at least one extract, the at least one extract
obtained from a plant of the group consisting of:

a) Arctium lappa;

b) Berberis vulgaris; and

c) Eschscholzia californica.

6. The method according to claim 2, wherein at least one
of the components (1), (11), (111) and (1v) 1s 1n a micronized
form.

7. The method according to claim 2, wherein the
chemoresistant tumour 1s a breast adenocarcinoma.

8. The method according to claim 1, wherein said mixture
comprises: (1) rutin, (1) melatomn and (111) methotrexate
and/or cyclophosphamide.

9. The method according to claim 1, wherein at least one
of the components (1) and (11) 1s 1n a micronized form.

10. The method according to claim 9, wheremn said
mixture further comprises:

(111) at least one compound selected from the group
consisting of arctigenin, arctiine, berberine, berbamine,
sanguinarine, chelerythrine and Harpagophytum
procumbens, 1n the form of at least one plant extract
containing said at least one compound.

11. The method according to claim 10, wherein at least
one of the components (1), (1) and (1v) 1s 1n a micronized
form.

12. A method for treatment of neoplasias and for inhibi-
tion or suppression ol chemoresistance to antiblastics 1n an
individual and/or radioresistance to radiotherapy, the
method comprising:

administering to the mdividual a mixture comprising in
cllective amounts therefor:
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(1) rutin at a concentration of at least 20 uM; and

(11) melatonin at a concentration of at least 0.1 mM; and
optionally further comprising,

(1v) at least one compound selected from the group consist-
ing of arctigemin, arctiine, berberine, berbamine, sangui-
narine, chelerythrine and Zarpagophyvtum procumbens, as
such or 1n the form of plant extracts containing said com-
pounds,

wherein the neoplasia 1s a breast cancer in woman.

13. The method according to claim 12, wherein said
mixture comprises: (1) rutin; and (11) melatomn; and option-
ally further comprising (1v) the compounds arctigenin, arc-
tine, berberine, berbamine, sanguinarine and chelerythrine,
as such or in the form of plant extracts containing said

compounds.

14. The method according to claim 13, wherein said
mixture further comprises at least one compound selected
from the group consisting of: apigenin, ursolic acid option-
ally obtained from asparagus, curcumin, lycopene, capsaicin
optionally obtained from chili pepper, resveratrol, camellin
B optionally obtained from green tea, and a compound
obtained from Uncaria spp.

15. The method according to claim 12, wherein said
mixture further comprises at least one compound selected
from the group consisting of: apigenin, ursolic acid option-
ally obtained from asparagus, curcumin, lycopene, capsaicin
optionally obtained from chili pepper, resveratrol, camellin
B optionally obtained from green tea, and a compound
obtained from Uncaria spp.

16. The method according to claim 12, wherein the
neoplasias 1s a breast adenocarcinoma.

17. The method according to claim 12, wherein said
mixture comprises:

(111) at least one compound selected from the group
consisting of arctigenin, arctiine, berberine, berbamine,
sanguinarine, chelerythrine and Harpagophytum
procumbens, 1n the form of at least one plant extract
containing said at least one compound.

18. A method of treating metastatic breast cancer, the

method comprising:

administering to an individual an antimetastatic compo-
sition comprising 1n effective amounts therefor:

(1) rutin at a concentration of at least 20 uM; and

(11) melatonin at a concentration of at least 0.1 mM,
wherein the individual 1s a woman having metastatic breast
cancer.

19. The method of claim 18, said antimetastatic compo-
sition further comprising:

(111) chemotherapeutic agents and/or

(iv) at least one compound selected from the group
consisting of arctigenin, arctiin, berberine, berbamine,
sanguinarine, chelervthrine and ‘fZarpagophytum
procumbens 1 the form of plant extracts containing
said compounds.

20. The method according to claim 18, wherein the breast

cancer 15 a breast adenocarcinoma.
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